The in vitro fungitoxic effect of three biofertilizers, Multibion TM and Supermagro used in organic agriculture and the neem oil (Azadirachta indica A. Juss) on the entomopathogenic fungi Metarhizium anisopliae and Beauveria bassiana was studied. These products were mixed in a medium where the two fungi were inoculated, and germination, vegetative growth and conidiogenesis were assessed. The biofertilizers showed to be less toxic for the two fungi whereas Multibion™ caused major inhibition on M. anisopliae, with reductions in germination (-37.74%), colony diameter (-30.26%) and conidiogenesis (-42.62%). Neem oil promoted a larger negative effect on B. bassiana, inhibiting germination (-45.27%), colony diameter (-36.62%) and conidiogenesis (-84.93%).
INTRODUCTION
The production of organic food requests for methods that use non-chemical inputs. In this production system, pests are essentially managed by biological agents, where the entomopathogenic fungi, Beauveria bassiana (Bals.) Vuill and Metarhizium anisopliae (Metsch.) Sorok. are considered important factor of insect population reduction. So, there is the necessity of entomopathogens conservation, if it occurs naturally, are applied or introduced with the objective of controlling insects. However, for their conservation, it is important to know the pathogens compatibility with other agricultural practices to avoid losses of control efficiency. Several biofertilizers and insecticides used in organic agriculture might affect the action of entomopathogenic fungi in the same way as do the chemical products. The use of incompatible chemical products may inhibit the development and reproduction of these pathogens, affecting pest control (Malo 1993 , Duarte et al. 1992 , Anderson and Roberts 1983 . On the other hand, the use of selective products is an important strategy in IPM (Integrated Pest Management). In some cases, compatible products may be associated with entomopathogenic fungi, increasing control efficiency Alves 1998, Quintela and McCoy 1998) . In general, biofertilizers or insecticides used in organic agriculture are not very standardized due to their home made nature, being prepared by farmers themselves or by small companies. Thus, the variability of these products composition might be quite large. However, with the recent increase in organic food production, and in the use of products in systems where the entomopathogenic fungi B. bassiana and M. anisopliae are also used, a study on the compatibility among them is needed. The present study deals with the compatibility of three biofertilizers and neem oil with B. bassiana and M. anisopliae.
MATERIALS AND METHODS
Following strains were used: B. bassiana -CG 252 (Embrapa -Cenargen) and M. anisopliae -strain CB 38 (Instituto Biológico de Campinas). Conidia were cultured in a PDA (potato-dextrose-agar) medium. The treatments were: E.M.-4 (Fundação Mokiti Okada -MOA), Supermagro (produced according to patterns provided by Instituto Biodinâmico de Desenvolvimento Rural -IBD), Multibion™, and neem oil (Azadirachta indica A. Juss). The products concentrations in aqueous solution were the average recommendation (AR) for field application in 100 l/ha, in the following percentages: E.M.-4 (AR 3%), Multibion™ (AR 5%), Supermagro (AR 3%) and neem oil (AR 2%).
Germination assessment:
Products were dissolved in sterile water plus 0.02% of Tween 20, containing B. bassiana and M. anisopliae conidia mixing separately. One hour after, 0.5 ml aliquot from each suspension was spread in four Petri dishes water-agar medium, with a Drigalski spatula. The dishes were incubated in a chamber (temperature of 25 ± 1 o C, and of 12 h (L) / 12 h (D) photoperiod). After 24 hours, the percentage of germinated conidia was quantified.
Vegetative growth and conidia production assessments: Biofertilizers were filtered with milipore filters (0.2µm) to remove contaminant microorganisms. Samples were diluted in a complete medium (Alves et al. 1998a ) plus streptomycin (0.5g/l) at 45± 5 o C and turned into Petri dishes. After medium solidification, the fungi were inoculated with platinum loop at three points per dish (five dishes/treatment), and incubated in a chamber (temperature of 25 ± 1 o C and 12 h (L) / 12 h (D) photoperiod). Eight days after inoculation, colony diameters were assessed and ten central colony disks (2.27 cm 2 ) from each treatment were collected for conidia quantification. The option for a standard sample colony area in relation to all colony area for conidia production assessment was made because the expression of the differences in conidia production was more evident. Each disk was placed in a glass tube and the conidia were suspended in 10 ml of sterile water containing 0.02% Tween 20 and quantified using a Neubauer chamber. The assays were in complete randomized design. Data were submitted to ANOVA and means were compared by the Tukey test (P≤0.05).
Compatibility calculation:
Compatibility was calculated according to Alves et al. (1998b) , as follows:
In this model, values for vegetative growth (VG) and esporulation (ESP) are given in relation to the control (100%). Where T= 0 to 30 = very toxic; 31 to 45 = toxic; 46 to 60 = moderately toxic; > 60 = compatible.
RESULTS AND DISCUSSION
Significant reduction was observed in the germination, vegetative growth and conidia production of M. anisopliae in all treatments, except Supermagro, in which the conidia germination was similar to the control (Table 1) . Multibion™ resulted maximum negative effect, with reductions in germination (22.7%), vegetative growth (43.59%) and conidiogenesis (83.53%). This reduction was probably due to the presence of organic acids (acetic, propanoic, butiric, malic, succinic and tartaric) in the product (data in the label of the product). Studying the effects of organic acids on M. anisopliae, Li and Holdom (1995) concluded that the acetic and malic acids reduced vegetative growth and conidiogenesis. E.M.-4 and neem oil showed the same effect on conidia germination with reductions of 21.28% and 17.26%. The inhibition caused by neem oil agreed with the results obtained by Aguda et al. (1986) and Gonzalez et al. (1996) The biofertilizer Supermagro caused the lowest reduction levels for B. bassiana with no statistical difference in vegetative growth and conidia production in relation to the control. E.M.-4 reductions were not different from Supermagro treatment; however, they were statistically different from the control. According to the model of Alves et al. (1998b) , E.M.-4 and Supermagro were compatible with B. bassiana, Multibion TM was moderately toxic and neem oil was toxic. For M. anisopliae, Multibion TM was very toxic and Supermagro, E.M.-4 and neem oil were moderately toxic ( Table  3 ). The formula proposed by Alves et al. (1998b) represented in an appropriate way the toxic effect on the entomopathogenic fungi in vitro. These studies have the advantage of exposing the pathogen to the maximum action of the chemicals, which do not occur under field conditions. Thus, when the treatment is compatible in vitro, there are strong evidences of its selectivity under field conditions. However, a high toxicity in vitro does not always mean that the same will happen in the field (Alves et al. 1998b ). In addition, under field conditions, vegetative growth inhibition may not be a good indication of fungicidal effects such as spore viability (Loria et al. 1983) . This formula did not consider the treatment effect on germination, nevertheless, the results showed that these biofertilizers and the neem oil should be used with restrictions. Alves et al. (1998b) 2 C = compatible, MT = moderately toxic, T = toxic, VT = very toxic Under field condition, compatibility germination should be considered as the most important factor (Malo 1993; Anderson and Roberts 1983) due to the fact that pathogens infect insects through conidia germination by ingestion or contact. The survival of inoculum of the entomopathogenic fungi in the field is made by conidia. In the beginning of the epizootic, the conidia are responsible for the first disease focuses (Alves and Lecuona, 1998) . Thus, if germination inhibition occurs, the pathogen control efficiency will be affected by contact of product. When reduction in B. bassiana germination was analyzed, neem oil and Multibion TM were found to cause the highest reduction levels and should never be used in mixtures with this entomopathogenic fungi or in pest control strategies where these fungi could be applied or could be an important natural pest population reduction factor. Which suggestion, the formula proposed by Alves et al. (1998b) 
